'(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

05.06.2002 Bulletin 2002/23 



(11) EP 1 211 882 A2 

EUROPEAN PATENT APPLICATION 

(51) Intci7: H04N 1/06, H04N 1/047 



(21) Application number: 01127057.6 

(22) Date of filing: 14.11.2001 



(84) Designated Contracting States: 


(72) Inventor: Hirawa, Takahide, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/oDAINIPPON SCREEN MFG. CO.,LTD 


MC NL PT SE TR 


Horlkawa-dori, Kamikyo-ku, Kyoto (JP) 


Designated Extension States: 


AL LT LV MK RO SI 


(74) Representative: Kilian, Helmut, Dr. 


(30) Priority: 30.11.2000 JP 2000365354 


Wilhelms, Kllian & Partner 


Patentanwalte 


(71 ) Applicant: Dainippon Screen Mfg. Co., Ltd. 


Eduard-Schnnid-Strasse 2 


81541 Munchen (DE) 


Kamlkyo-ku, Kyoto (JP) 



(54) Image recorder 



(57) An image recorder performs a first distortion 
correction at the resolution of an input Image and a sec- 
ond distortion correction at the resolution of a recording 
head. The first distortion correction Is performed by set- 
ting an angle difference between a write angle and a 
read angle to and from address space in a buffer mem- 
ory (BM) to be equal to an inclination angle of scanning 
lines with respect to a main scanning direction. The sec- 



ond distortion correction is performed by shifting image 
data obtained by the first distortion correction in a sub- 
scanning direction by an amount responsive to the in- 
clination angle. The smallest unit of the amount is one 
pixel unit (P). More specifically, image data is shifted by 
the width of one pixel (D) in blocks for memory access, 
and then for output of a gradient value for each pixel (D), 
it Is further shifted by the width of one pixel unit (P) in 
sub-blocks which are obtained by dividing each block. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an image re- 
corder and image recording method for correcting im- 
age distortion in continuous scanning systems such as 
spiral scanning systems to achieve high image quality. 

Description of the Background Art 

[0002] Some image recorders have employed contin- 
uous scanning systems such as spiral scanning sys- 
tems to improve their recording speed. The spiral scan- 
ning systems are for performing a scan while continu- 
ously moving an image recording beam in a sub-scan- 
ning direction orthogonal to a main scanning direction 
relative to an image recording medium that is mounted 
on a recording drum (rotating drum) rotating In the main 
scanning direction, thereby to record an image along 
scanning lines inclined with respect to the main scan- 
ning direction. 

[0003] In the spiral scanning systems, as shown in 
Fig. 19, the scanning lines are inclined at an angle ec 
with respect to the main scanning direction X. A result- 
ant image on the film has the shape of a parallelogram 
and is distorted. 

[0004] The following is one of the techniques for cor- 
recting such image distortion. 

[0005] This technique is for correcting image distor- 
tion by setting an angle difference between a write angle 
and a read angle to be equal to the angle of inclination 
of the scanning lines with respect to the main scanning 
direction. Here, the write angle is the angle at which im- 
age data is written into address space in a memory (buff- 
er memory) for image data, and the read angle is the 
angle at which the image data is read out from the ad- 
dress space in the memory. 

[0006] As shown in Fig. 20, this technique corrects im- 
age distortion by dividing an image into a plurality of 
blocks along the main scanning direction X and produc- 
ing a shift in the sub-scanning direction Y in blocks for 
memory access to achieve the above angle difference. 
[0007] Each of the blocks has Nc pixels (Nc = Nb/Na) 
arranged in the main scanning direction X, the value Nc 
being obtained by dividing the number of pixels Nb ar- 
ranged in the main scanning direction X in a recording 
drum by the number of pixels Na that a recording head 
can record at a time in the sub-scanning direction Y (i, 
e., the width of one scanning line in the sub-scanning 
direction Y). Expressed differently, the surface area of 
the recording drum is divided into Na blocks along the 
main scanning direction X. 

[0008] The blocks are then shifted in the sub-scan- 
ning direction Y by amounts determined for each block 
to achieve the above angle difference and in this condi- 



tion, memory accesses are made to correct image dis- 
tortion. 

[0009] In this case, the "shift" in the sub-scanning di- 
rection Y occurs at a discontinuous point between each 
5 block, and the number of "shifts" to take place increases 
with increasing number of the blocks Na arranged in the 
main scanning direction X. Here, the amount of the 
"shift" in the sub-scanning direction Y is one pixel in an 
image. 

10 [0010] In the above conventional technique, if the 
number of pixels (frankly, the number of output chan- 
nels) Na is small, the number of blocks is also small. 
Accordingly, the number off "shifts" occurring in the main 
scanning direction X is small and relatively unobstruc- 

15 tive. 

[0011] However, as the number of pixels (output 
channels) Na increases, the number of blocks also in- 
creases, which Increases the number of "shifts" to take 
place each having a width of one pixel in the image. In 

20 such a case, the "shifts" become perceptible to the hu- 
man eye, causing a problem of image degradation. 
[0012] Especially, with speedups in image recording, 
the number of output channels is increasing in recent 
years; for example, some image recorders have several 

25 hundreds of output channels. The fact is that the afore- 
mentioned problem becomes more evident. 
[0013] In the above conventional technique, image 
distortion correction may be performed by improving a 
resolution (i.e., reducing the size of each pixel) in the 

30 sub-scanning direction Y to reduce the amount of "shift". 
This, however, brings another problem of increasing the 
required memory capacity. Besides, such an increase 
in memory capacity requires a higher processing speed 
of hardware and makes an increase in cost unavoidable. 

35 

SUMMARY OF THE INVENTION 

[001 4] A first aspect of the present invention is direct- 
ed to an image recorder for recording an input image on 

^ an image recording medium along scanning lines in- 
clined with respect to a main scanning direction, by us- 
ing a continuous scanning system for performing a con- 
tinuous scan in both the main scanning direction and a 
sub-scanning direction. The image recorder comprises: 

^5 a recording head for outputting each pixel in the input 
image as a set of pixel units smaller than the pixel, the 
recording head having a higher resolution than the input 
image in the sub-scanning direction; a scanning section 
for performing a scan by continuously moving the re- 

50 cording head relative to the image recording medium in 
both the main scanning direction and the sub-scanning 
direction; a memory for storing image data of the input 
image; an access controller for, for access to the mem- 
ory, setting an angle difference between a write angle 

55 and a read angle to be equal to an inclination angle of 
the scanning lines with respect to the main scanning di- 
rection, the write angle being an angle at which the im- 
age data is written into an address space in the memory. 
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the read angle being an angle at which the image data 
is read out from the address space in the memory; and 
a shift controller for outputting image data read out from 
the address space in a position that is shifted in the sub- 
scanning direction by a shift amount responsive to the s 
inclination angle, the smallest unit of the shift amount 
being the pixel unit 

[0015] The first aspect of the present invention can 
achieve more smooth, high-quality image distortion 
since image data read out from the address space In the io 
memory Is outputted in a position that Is shifted in the 
sub-scanning direction by a shift amount responsive to 
the inclination angle, the smallest unit of which is the 
pixel unit. Further, the memory only needs to have the 
capacity responsive to the resolution of the input image, is 
which minimizes an increase in the required memory ca- 
pacity. 

[0016] According to a second aspect of the present 
invention, in the image recorder, an image area of the 
recording head is greater in width than the scanning 20 
lines In the sub-scanning direction. 
[001 7] The second aspect of the present invention al- 
lows overlapping imaging and thereby can minimize de- 
tection of a gap between each scanning line. 
[0018] According to a third aspect of the present In- 25 
ventlon, In the image recorder, the image area of the 
recording head has a width that is obtained by adding 
the width of the scanning lines and a width smaller than 
the width of one pixel in the input image. 
[001 9] The third aspect of the present invention allows 30 
overlapping Imaging, thereby minimizing detection of a 
gap between each scanning line and reducing the re- 
quired memory capacity with a minimum amount of 
overlap. 

[0020] According to a fourth aspect of the present in- 35 
ventlon, In the Image recorder, the memory substantially 
has a storage area corresponding to three main scans. 
[0021 ] The fourth aspect of the present invention can 
thus reduce the required memory capacity. 
[0022] According to a fifth aspect of the present inven- 40 
tion, In the Image recorder, an image area of the record- 
ing head has the same width as the scanning lines in 
the sub-scanning direction. 

[0023] The fifth aspect of the present invention can 
thus perform imaging for each scanning line with a max- 45 
imum use of the width of the Image area of the recording 
head. 

[0024] According to a sixth aspect of the present in- 
vention, in the image recorder, the memory substantially 
has a storage area corresponding to four main scans. so 
[0025] According to a seventh aspect of the present 
invention, in the image recorder, the recording head us- 
es a spatial light modulator for recording an image on 
the image recording medium. 

[0026] The seventh aspect of the present invention ss 
can thus achieve a high-resolution recording head. 
[0027] According to an eighth aspect of the present 
invention, in the image recorder, the spatial light modu- 



lator is a diffraction grating light valve. 

[0028] The eighth aspect of the present invention can 

thus achieve an especially high-resolution recording 

head. 

[0029] According to a ninth aspect of the present in- 
vention. In the image recorder, a resolution ratio be- 
tween the input image and the recording head is varia- 
ble. 

[0030] The ninth aspect of the present Invention can 
thus vary the width of recording per one main scan ac- 
cording to the required image quality and can also select 
a combination of the recording speed and image quality. 
[0031 ] The present Invention is also directed to an im- 
age recording method. 

[0032] Therefore, an object of the present invention is 
to provide an image recorder and image recording meth- 
od for correcting image distortion in continuous scan- 
ning systems such as spiral scanning systems with a 
minimum increase in memory capacity, thereby to 
achieve high image quality. 

[0033] These and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

Fig. 1 is a schematic diagram showing a configura- 
tion of an image recorder 1 A or IB according to a 
first or second preferred embodiment of the present 

invention; 

Fig. 2 is a diagram of a recording head 20; 
Fig. 3 shows an example of a correspondence (1 : 
1 ) between pixels D and pixel units P; 
Fig. 4 shows another example of a correspondence 
(1:2) between the pixels D and the pixel units P; 
Fig. 5 shows still another example of a correspond- 
ence (1 :3) between the pixels D and the pixel units 
P: 

Fig. 6 is a schematic block diagram of an image sig- 
nal processor 44A; 

Fig. 7 is a detailed diagram of a converter 47A; 
Figs. 8A, SB, and 8C show write operations to a buff- 
er memory BM and each illustrates a write area at 
a different point in time; 

Figs. 9A, 9B, and 9C show read operations from the 
buffer memory BM and each Illustrates a read area 
at a different point In time; 

Figs. IDA and 1 0B are explanatory diagrams of the 
access to the buffer memory BM; 
Figs. 11 and 12 are explanatory diagrams of a first 
correction operation; 

Fig. 13 Is an explanatory diagram of a second cor- 
rection operation; 

Figs. 1 4A and 1 4B are explanatory diagrams of the 
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second correction operation; more specifically, Fig. 
1 4A illustrates an array of pixels D read out from the 
buffer memory BM and Fig. 14B illustrates an array 
of pixel units P to be outputted after shift operations; 
Rg. 15 is a schematic block diagram of an image 
signal processor 448 according to the second pre- 
ferred embodiment; 

Fig. 16 is a detailed diagram of a converter 478; 
Figs. 1 7A and 1 78 are explanatory diagrams of the 
access to the buffer memory BM; 
Fig. 1 8 is an explanatory diagram of the second cor- 
rection operation; 

Fig. 19 illustrates image distortion; and 
Fig. 20 is an explanatory diagram of the image dis- 
tortion correction according to a conventional tech- 
nique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Hereinbelow, preferred embodiments of the 
present invention will be described in detail with refer- 
ence to the drawings. 

<A. First Preferred Embodiment> 

<A1. Configuration> 

<Outline> 

[0036] Fig. 1 is a schematic diagram showing a con- 
figuration of an image recorder 1A according to a first 
preferred embodiment of the present invention. As 
shown in Fig. 1 , the image recorder 1 A comprises a cy- 
lindrical recording drum 1 0, a recording head 20, a scan- 
ner 30, a controller 40, and an image signal generator 
50. The image recorder 1 A adopts a spiral scanning sys- 
tem, i.e., a system for performing a scan while continu- 
ously moving the recording head 20 in a sub-scanning 
direction Y orthogonal to a main scanning direction X 
relative to an imaging plate (image recording medium) 
11 that is mounted on the recording drum (rotator) 10 
rotating in the main scanning direction X, thereby to 
record an image along scanning lines inclined with re- 
spect to the main scanning direction X. 
[0037] The imaging plate 11 on which an image is re- 
corded (i.e., image recording medium) is wound on the 
surface of the cylindrical recording drum 10. The record- 
ing drum 10 has one end connected to a drum rotating 
motor 31 and it rotates at a fixed rotation speed about 
its central axis AX1 under the driving force of the drum 
rotating motor 31. Thereby, the recording drum 10 can 
perform a scan in the direction of rotation (main scan- 
ning direction) X. The recording drum 10 further has a 
rotary encoder 33 at its other end, which can detect the 
rotation angle and speed. 

[0038] The recording head 20 is supported by a linear 
guide 35 with a ball screw and is movable in parallel with 



the central axis AX1 of the recording drum 1 0. More spe- 
cifically, the linear guide 35 with a ball screw is located 
in parallel with the central axis AX1 of the recording 
drum 10. The ball screw of the linear guide 35 rotates 
5 under the driving force of a feed motor 32 located at one 
end of the linear guide 35 and this rotational motion turns 
into a driving force in the horizontal direction Y. The re- 
cording head 20 connected to the ball screw can thus 
move in the sub-scanning direction Y while being sup- 
ported by a guide portion of the linear guide 35. In par- 
allel with the linear guide 35, a linear encoder 34 is pro- 
vided which can detect the position of the recording 
head 20 with respect to the sub-scanning direction Y 
[0039] The scanner 30 includes the drum rotating mo- 
tor 31 and the feed motor 32 described above. With both 
the motors 31 and 32 controlled by the controller 40 to 
be described later, the recording head 20 can continu- 
ously and relatively move in both the main scanning di- 
rection X and the sub-scanning direction Y for scanning 
on the image recording medium 1 1 wound on the record- 
ing drum 10. 

[0040] The image signal generator 50 generates an 
image signal corresponding to an image to be proc- 
essed (hereinafter also referred to as an "input image"). 
More specifically, document data to be processed is 
subjected to, for example, raster image processing 
(RIP), whereby an image signal corresponding to an im- 
age to be processed is generated. The image signal 
generated in the image signal generator 50 is outputted 
in properiy timed sequence to an image signal proces- 
sor 44 as an input image signal SO corresponding to an 
input image M. 

[0041 ] The controller 40 includes a drive controller 42 
and the image signal processor 44. The drive controller 
42 receives detection signals from the rotary encoder 
33 and the linear encoder 34 and can thereby determine 
the current position of the recording head 20, more spe- 
cifically, the current position (x, y) of the recording head 
20 with respect to the X and Y directions on the imaging 
plate 11 , with accuracy. The drive controller 42 then out- 
puts a timing control signal S1 responsive to the current 
position (x, y) of the recording head 20 to the image sig- 
nal processor 44, and the image signal processor 44, 
on the basis of the timing control signal SI, processes 
the input image signal SO from the image signal gener- 
ator 50. On the basis of an access control signal S2, the 
image signal processor 44 also writes an image signal 
generated in the image signal generator 50 into the buff- 
er memory BM and reads out data written in the buffer 
memory BM. The image signal processor 44 further 
gives to the recording head 20 a command to output im- 
age data that is to be actually imaged by the recording 
head 20 on the imaging plate 11. Image distortion cor- 
rection is performed during this process, which will later 
be described in detail. 
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<Recording Head 20> 

[0042] Referring now to Fig. 2, a configuration of the 
recording head 20 will be set forth. The recording head 
20 comprises a laser light source 21 , an illumination lens 
22, a prism 23. a spatial light modulator 24, a spatial 
light modulator drive circuit 25, an imaging zoom lens 
26, and a zoom lens drive motor 27. 
[0043] Light emitted from the laser light source 21 is 
colllmated by the illumination lens 22 and passes 
through the prism 23 toward the spatial light modulator 
24 for irradiation of the spatial light modulator 24. The 
light modulated by the spatial light modulator 24 is re- 
flected off the surface and directed again toward the 
prism 23. This light, by being reflected off a surface 23a 
of the prism 23, changes its direction downwardly as 
shown in the drawing and is concentrated with the zoom 
lens 26 to form an image in a predetermined position on 
the imaging plate 11. 

[0044] Examples of the spatial light modulator 24 in- 
clude a diffraction grating light valve, a digital micromir- 
ror device, a PLZT (lead lanthanum zirconate titanate) 
light modulator, and a liquid crystal shutter. 
[0045] The spatial light modulator 24, being driven by 
the drive circuit 25, can selectively change reflectivity 
(or transmittivity) of each specific part (each unit E de- 
scribed later) of the spatial light modulator 24 within the 
range of irradiation. Thus, recording conditions can se- 
lectively be changed in different parts of the imaging 
plate 11. 

[0046] As shown in Fig. 3. a one-dimensional array of 
units E of the spatial light modulator 24 can be projected 
onto the imaging plate 11. Fig. 3 illustrates the case 
when a one-dimensional array of the units E of the spa- 
tial light modulator 24 consists of 8 units El to E8. The 
units E1 to E8 of the spatial light modulator 24 are in a 
one-to-one correspondence with pixels D1 to D8 in the 
input image M and each represents a gradient value for 
a corresponding pixel D. Those units El to E8 are pro- 
jected onto the Imaging plate 11 by means of an optical 
system including the imaging zoom lens 26, thereby 
forming pixel units PI to P8. 

[0047] This projection is performed such that the pixel 
units PI to P8 are arranged in the sub-scanning direc- 
tion Y on the imaging plate 11, and via scanning in the 
main scanning direction X along with the rotation of the 
recording drum 10, a single scanning line of recording 
can be done during one rotation of the recording drum 
1 0. As a result, an output image ME which is a group of 
the pixel units P is fomned on the imaging plate 11 by 
means of the recording head 20. 
[0048] Here, the output image ME has a resolution the 
smallest unit of which is the size of one pixel unit P. That 
is, the resolution of the output image ME is determined 
by the size of one pixel unit P which is the smallest unit 
expressed by the recording head 20. In this specifica- 
tion, therefore, the resolution of the output image ME is 
also referred to as "the resolution of the recording head 



20 (output resolution)." 

[0049] Fig. 3 Illustrates the case when the pixels D1 
to D8 are in a one-to-one correspondence with the pixel 
units PI to P8, i.e., when "the resolution of the input im- 
5 age M" formed of the pixels D on the imaging plate 11 
is the same as "the resolution of the recording head 20." 
This preferred embodiment, however, illustrates the 
case when "the resolution of the recording head 20" Is 
higher than "the resolution of the input image M" in the 

10 sub-scanning direction Y In other words, the recording 
head 20 outputs, as each pixel D in the input image M, 
a set of pixel units P that are smaller than the pixel D. 
This will be described in the following. 
[0050] Referring to Fig. 4, we will describe the case 

15 when each pixel D in the input image M is double the 
size of one pixel unit P in the output image ME. In this 
case, two units E1 and E2 of the spatial light modulator 
24 are in correspondence with a pixel D1 in the input 
image M. Similarly, two units E3 and E4 are in corre- 

20 spondence with a pixel D2, two units E5 and E6 with a 
pixel D3. and two units E7 and E8 with a pixel D4. Those 
units El to E8 are projected onto the imaging plate 11 
by means of the optical system including the imaging 
zoom lens 26, thereby forming pixel units P1 to P8- 

25 [0051] From the above, the pixel units P1 and P2 in 
the output image ME are in correspondence with the pix- 
el D1 in the input image M. Similarly, the pixel units P3 
and P4 are in correspondence with the pixel D2, the pix- 
el units P5 and P6 with the pixel D3, and the pixel units 

30 P7 and P8 with the pixel D4. 

[0052] In the above projection on the imaging plate 1 1 
by means of the optical system including the imaging 
zoom lens 26, the magnification of the zoom lens 26 is 
controlled so that an image of the same size as that of 

35 Fig. 3 is formed of a group of the pixel units P having 
double the density of Fig. 3. It is obvious that a similar 
effect can also be achieved by varying only the magni- 
fication In the sub-scanning direction Y. 
[0053] Referring to Fig. 5, we will describe the case 

40 when each pixel D in the input image M is three times 
as large as one pixel unit P in the output image ME. In 
this case, three units El , E2, and E3 of the spatial light 
modulator 24 are in correspondence with the pixel D1 
in the input image M. Similarly, units E4, E5, and E6 are 

45 in correspondence with the pixel D2, and units E7, E8, 
and E9 with the pixel D3. Those units El to E9 are pro- 
jected onto the imaging plate 1 1 by means of the optical 
system including the imaging zoom lens 26, thereby 
forming pixel units PI to P9. From the above, the pixel 

50 units PI , P2, and P3 in the output image ME are in cor- 
respondence with the pixel D1 in the input image M. 
Similariy, the pixel units P4, P5, and P6 are in corre- 
spondence with the pixel D2. and the pixel units P7, P8, 
and P9 with the pixel D3. 

55 [0054] In the above projection on the imaging plate 1 1 
by means of the optical system including the imaging 
zoom lens 26, the magnification of the zoom lens 26 is 
controlled so that an image of the same size as that of 
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Fig. 3 is formed of a group of the pixel units P having a 
density of three times that of Fig. 3. 
[0055] In this fashion, the size of one pixel D in the 
input Image M is set to be an integral multiple of the size 
of one pixel unit P in the output Image ME. To prevent 5 
output image degradation, the recording head 20 should 
preferably have a resolution of an Integral multiple of the 
resolution of the input image M in the sub-scanning di- 
rection Y. 

[0056] It Is also possible to make variable a ratio be- io 
tween the resolution of the input image M and the res- 
olution of the recording head 20. In changing the reso- 
lution ratio between the Input Image M and the recording 
head 20, the correspondence between the pixels D and 
the pixel units P is changed according to the resolution is 
ratio by a resolution converter 48A (described later) in 
the converter 47A of Fig. 7. as well as the magnification 
of the zoom lens 26 is controlled under a command to 
change the resolution ratio setting, as above described. 
[0057] In this preferred embodiment, it is assumed 20 
that the recording head 20 has the spatial light modula- 
tor 24 for allowing imaging of 8 pixels D. Each pixel D is 
a set of three pixel units P; therefore, 8 pixels D are 
equivalent to a total of 24 pixel units P. This achieves 
the output image ME that has a resolution of three times 25 
that of the input image M in the sub-scanning direction Y. 
[0058] It is also assumed in this preferred embodi- 
ment that the size (width) of an Image area of the re- 
cording head 20 in the sub-scanning direction Y is great- 
er than the size (width) of one scanning line. The record- 30 
ing head 20 thus repeatedly performs imaging opera- 
tions in such a manner that the scanning lines slightly 
overlap one another. More specifically, the image area 
of the recording head 20 has a width in the sub-scanning 
direction Y that is obtained by adding the width of one 35 
scanning line (in this case, the sum of the widths of 24 
pixel units P) and a width smaller than the width of one 
pixel D in the input image M (in this case, the sum of the 
widths of two pixel units P). That is, the width of the im- 
age area of the recording head 20 Is equal to the sum 40 
of the widths of a total of 26 (= 24 +2) pixel units P. 
[0059] As above described, the spatial light modulator 
24 according to this preferred embodiment has 26 units 
E1 to E26. By projecting light emitted from the units El 
to E26 onto the imaging plate 11 through the imaging 45 
zoom lens 26, 26 pixel units PI to P26 can be outputted 
onto the imaging plate 11. 

<lmage Signal Processor 44> 

50 

[0060] Fig. 6 is a schematic block diagram of the im- 
age signal processor 44 (44A) according to the first pre- 
ferred embodiment. As shown in Fig. 6, the image signal 
processor 44A comprises a buffer memory BM having 
a storage area corresponding to three scanning lines, ss 
In the present example, the buffer memory BM is ex- 
pressed as three separate buffer memories BM1 , BM2, 
and BM3; however. In practice, a single memory may 
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have an equivalent amount of capacity. One scanning 
line has a width of Na pixels (in this case, 8 pixels) in 
the input image M, depending on the width of imaging 
by the spatial light modulator 24. 
[0061] The buffer memories BM1, BM2, and BM3 
each have a storage area corresponding to one scan- 
ning line. For example, the buffer memory BM1 has a 
storage area that holds gradient values for a total of (Na 
X Nb) pixels in the input image M in which Na pixels are 
arranged in the sub-scanning direction Y and Nb pixels 
in the main scanning direction X. The same can be said 
of the other buffer memories BM2 and BM3. The buffer 
memory BM as a whole, therefore, substantially has a 
storage area corresponding to three main scans. 
[0062] The image signal processor 44A further com- 
prises a memory access controller 45A for controlling 
access to the three buffer memories BM1, BM2, and 
BM3, a read data selector 46A for switching among the 
buffer memories BM1, BM2, and BM3 in read-out, and 
the converter 47A for converting pixels D in the input 
image M, which are read out from the buffer memories 
BM1 , BM2, and BM3, into pixel units P In the output Im- 
age ME. Read operations from the buffer memories 
BM1, BM2, and BM3 are performed in accordance with 
a read-out clock (which is also referred to as a "main- 
scan clock") that is synchronized with the rotation of the 
recording drum 10 in the main scanning direction X. 
[0063] Fig. 7 is a detailed diagram of the converter 
47A. As shown in Fig. 7, the converter 47A comprises 
the resolution converter 48A and a barrel shifter 49A. 
The resolution converter 48A converts pixels D read out 
from the buffer memories BM1 , BM2, and BM3 into pixel 
units P to suit the resolution of the output image ME, 
and then outputs the result of conversion to the barrel 
shifter 49A. The barrel shifter 49A performs a shift op- 
eration, which will be described later, to shift and output 
the position of each input signal. The details of the op- 
eration will be described later. 

<A2. Basic Principle> 

[0064] Next, a basic principle of image distortion cor- 
rection according to this preferred embodiment will be 
set forth. The distortion correction process can be divid- 
ed into two stages: a first correction operation and a sec- 
ond correction operation. 

<First Correction Operation> 

[0065] The first correction operation, as shown in 
Figs. 8A to 8C and 9A to 9C, is to correct image distor- 
tion at the resolution of an input image by setting an an- 
gle difference Od between a write angle 6 w (Figs, 8A to 
8C) and a read angle 8r(Figs. 9A to 9C) to be equal to 
an inclination angle Gcof the scanning lines with respect 
to the main scanning direction X for access to the buffer 
memories BM1, BM2, and BM3. The write angle 9 wis 
the angle at which image data is written into address 
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space in the buffer memory BM, and the read angle 6r 
is the angle at which the image data is read out from the 
address space in the buffer memory BM. 
[0066] In the present example, the write angle Qw is 
determined to be equal to the inclination angle Be of 
scanning lines with respect to the main scanning direc- 
tion X. A write operation to the buffer memory BM is per- 
formed at the angle Oivand then a read operation from 
the buffer memory BM Is performed at the angle 6rof 0 
as shown In Figs. 9A to 9C, thereby to achieve the angle 
difference Od equal to the inclination angle 6c {Bd= Qw 

-er=ec-o = ec). 

[0067] Figs. 1 0A, 10B. 1 1 , and 1 2 are explanatory di- 
agrams of the above operations. In Fig. 11 and other 
drawings, each pixel D has the shape of a transversely 
elongated rectangular, but it desirably has the shape of 
a uniform square to maintain the aspect (length-to- 
width) ratio of an original image. For example, by setting 
the aspect ratio of each pixel unit P to 3:1 , one pixel D 
expressed as a set of three pixel units P can be shaped 
into a uniform square. 

[0068] Fig. 11 illustrates the state of one of the three 
buffer memories BM1, BM2, and BM3. In imaging for 
each scanning line having a width of 8 pixels D, when 
the number of pixels Nb per one rotation of the recording 
drum 10 is 48 as shown in Fig. 11 , the inclination angle 
0c is expressed by Na/Nb = 8/48 = 1/6. In other words, 
a write area is shifted by one pixel D for every six pixels 
forward in the main scanning direction X, thereby 
achieving the write angle 6iv. 

[0069] More specifically, as shown In Fig. 12, the sur- 
face area of the recording drum 10 is divided into Na 
blocks (in this case, 8 blocks) along the main scanning 
direction X and a shift in the sub-scanning direction Y is 
produced in blocks. In this condition, memory accesses 
to achieve the above angle difference ed(= Gc) is made 
to correct image distortion. Each of the blocks has Nc 
pixels (Nc = Nb/Na) arranged in the main scanning di- 
rection X, the value Nc being obtained by dividing the 
number of pixels Nb arranged in the main scanning di- 
rection X per one rotation of the recording drum 10 by 
the number of pixels Na that the recording head 20 can 
record at a time in the sub-scanning direction Y (i.e., the 
width of one scanning line in the sub-scanning direction 
Y). Expressed differently, the buffer memory BM is di- 
vided into a plurality of blocks along the main scanning 
direction X on the basis of the ratio of the number of 
pixels Na arranged in the sub-scanning direction Y to 
the number of pixels Nb arranged in the main scanning 
direction X in the image area of the recording drum 10. 
[0070] The blocks are then shifted in the sub-scan- 
ning direction Y by amounts determined for each block 
to achieve the aforementioned angle difference and in 
this condition, memory accesses are made to correct 
image distortion. 

[0071] The diagonally shaded areas in Figs. 11 and 
12 indicate portions corresponding to the right end pix- 
els D of write area in the input image M. Although for 
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convenience's sake, an array of the pixel units P is illus- 
trated in Fig. 1 1 , the actual buffer memory BM holds gra- 
dient values for the pixels D as image data. From this, 
the buffer memories BM1 , BM2, and BM3 each are only 
5 required to have a storage capacity corresponding to 
one scanning line of image data of the relatively low- 
resolution input image M. This prevents an increase in 
the storage capacity required of the buffer memory BM. 

10 <Second Correction Operation> 

[0072] Next, the second correction operation will be 
described. 

[0073] Figs. 13. 14A, and 14B show the results ob- 
15 tained by the second correction operation. 

[0074] The second correction operation is to correct 
image distortion at the resolution of the recording head 
20 in the sub-scanning direction Y. In the condition after 
the first correction operation (cf. Fig. 11), image data 
20 read out from the address space In the memory is out- 
putted after further being shifted in the sub-scanning di- 
rection Y by amounts responsive to the inclination angle 
ec. The smallest unit of the shift amount is the width of 
one pixel unit P. 
25 [0075] More specifically, each block is further divided 
into sub-blocks on the basis of the resolution ratio be- 
tween the input image M and the recording head 20. and 
the amount of shift responsive the inclination angle Oc 
is determined for each of the sub-blocks. On the basis 
30 of the shift amount determined for each sub-block (i.e., 
preset shift amount), the positions to output the readout 
image data are shifted in units of the width of one pixel 
unit P. 

[0076] Hereinbelow, the aforementioned first and sec- 
35 ond correction operations will be described in more de- 
tail. 

<A3. Operation> 

40 [0077] Initially, as "Preprocessing 1" shown in Fig. 
10B, the buffer memories BM1. BM2. and BM3 are all 
cleared. 

[0078] Then, as "Preprocessing 2", a write operation 
to a first area across the buffer memories BM1 and BM2 

45 is perfomied. This first area, indicated by "Write 1" in 
Fig. 10A. includes a lower right triangular area in the 
buffer memory BM1 and an upper left triangular area in 
the buffer memory BM2. In this "Write 1 " area, a prede- 
termined rectangular portion of the input image M is writ- 

so ten at a write angle Oi/v (= ec). 

[0079] Prior to this, an integer number Nc (= Nb/Na) 
is obtained by dividing the number of pixels Nb corre- 
sponding to one rotation of the recording drum 1 0 by the 
number of pixels Na corresponding to the width of one 

55 scanning line. The integer number Nc is equal to an in- 
verse of the inclination angle Oc. i.e.. Nc = l/Gc and in 
the present example, Nc 6. 

[0080] The first correction operation is performed us- 
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ing this integer number Nc. Specifically, a write area is 
shifted by one pixel D in the negative Y direction for eve- 
ry six pixels forward in the main scanning direction X, 
thereby achieving the write angle Qw, In more detail, un- 
der the control of the memory access controller 45A In 5 
Fig. 6, image data is written into the "Write 1" area 
across the buffer memories BM1 and BM2 in synchro- 
nization with the timing control signal SI and In control 
of the write address. This corresponds to a write oper- 
ation to the diagonally shaded area in Fig. 8A. io 
[0081] Then, as shown in the row of "Output No. 1 " In 
Fig. 10B, image data written in the buffer memory BM1 
is read out. At the same time, next image data is written 
into a "Write 2" area across the buffer memories BM2 
and BM3. is 
[0082] This corresponds to the states shown in Figs. 
SB and 9B. That is, a write operation to the diagonally 
shaded area in Fig. SB and a read operation from the 
diagonally shaded area in Fig. 9B are simultaneously 
performed. 20 
[0083] The read operation from the buffer memory 
BM1 is performed through the read data selector 46 A 
(Fig. 6). The read data selector 46A selects the buffer 
memory BM1 out of the three buffer memories BM1 , 
BM2, and BM3 and reads out image data written in the 25 
buffer memory BM1 . The operation of the read data se- 
lector 46A is performed in synchronization with a selec- 
tion signal S11 given from the memory access controller 
45A under the control of the controller 45A. The image 
data read out at this time includes written data in the 30 
lower right triangular area of the buffer memory BM1 in 
Fig. 10A and null data in the upper left triangular area 
thereof. 

[0084] Next, the second correction operation Is per- 
formed on the readout image data. This is performed by 35 
the converter 47A (cf. Figs. 6 and 7). Initially, as shown 
in Fig. 7, the resolution converter 48A in the converter 
47A allocates 24 pixel units Q (Q1 to Q24) to 8 pixels 
D. More specifically, each of the pixels D1 to D8 Is allo- 
cated three pixel units Q. Then, with predetermined tim- 40 
ing, the barrel shifter 49A in Fig. 7 shifts the 24 pixel 
units Q by an amount responsive to their position with 
respect to the main scanning direction X. whereby the 
24 pixel units Q each are outputted as any one of 26 
pixel units P1 to P26. At this time, null data is assigned 45 
to those pixel units P that do not correspond to any of 
the pixel units Q. This determines gradient values for 
the 26 pixel units PI to P26 to be outputted by the re- 
cording head 20. 

[0085] The predetermined timing of the shift is deter- so 
mined from the integer number Nc in consideration of 
the resolution ratio between the input image M and the 
recording head 20. More specifically, the shift opera- 
tions are performed by changing the amount of shift at 
every Ne read-out clocks, the value Ne being obtained ss 
by dividing a value Nc representing the size of one block 
by a following value Nd. The value Nd represents a re- 
lationship between the resolution of the input Image M 
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and the resolution of the recording head 20 and it is de- 
fined as the number of pixel units P corresponding to 
one pixel D In the input image M. In this preferred em- 
bodiment, Nd = 3 and thus, Ne = Nc/Nd = 6/3 = 2. In the 
shift operations, therefore, the amount of shift is 
changed at every two read-out clocks. The shift opera- 
tions are also performed in synchronization with a shift 
control signal SI 4 from the memory access controller 
45A. 

[0086] Figs. 14A and 14B illustrate the shift opera- 
tions. Initially, 24 pixel units Q corresponding to 8 pixels 
D which are read out at a first point in time (on the top 
line) and two null values added to the left end of the 24 
pixel units, I.e., a total of 26 pixel units PI to P26 are 
outputted as a scanning line output signal S12 (Fig. 7). 
More specifically, the barrel shifter 49A in Fig. 7 assigns 
null values to the pixel units PI and P2, a gradient value 
for the pixel D 1 to the pixel units P3 to P5, and a gradient 
value for the pixel D2 to the pixel units P6 to P8. In a 
similar fashion, gradient values for the pixels D3 to D8 
are assigned to the pixel units P9 to P26. As a result, 
the scanning line output signal S1 2 consisting of the pix- 
el units P1 to P26 is outputted. The spatial light modu- 
lator drive circuit 25 (Fig. 2) drives the spatial light mod- 
ulator 24 in accordance with the scanning line output 
signal S12, whereby the pixel units PI to P26 are out- 
putted onto the imaging plate 1 1 . This condition is herein 
referred to as a reference condition in the shift opera- 
tions. 

[0087] Figs. 14A and 14B are schematic explanatory 
diagrams of the output image ME to be formed on the 
imaging plate 11. Fig. 14A illustrates an array of pixels 
D read out from the buffer memory BM, and Fig. 14B 
illustrates an array of pixel units P to be outputted after 
the shift operations. In Fig. 1 4A, there is shown a virtual 
correspondence between pixel units P and pixels D be- 
fore the shift operations. 

[0088] The same as just described Is also performed 
on subsequent 8 pixels D (on the second line from the 
top). 

[0089] Next, gradient values for subsequent 8 pixels 
D (on the third line from the top) are converted by the 
resolution converter 48A (Fig. 7) into gradient values for 
24 pixel units P and then outputted after being shifted 
to the left from the reference condition by an amount 
corresponding to one pixel unit P. The barrel shifter 49A 
outputs a total of 26 pixel units P including 24 pixel units 
P corresponding to the gradient values for 8 pixels D 
and two null values added to the left and right ends of 
the 24 pixel units P. In other words, image data read out 
from the address space in the buffer memory BM1 is 
outputted after being shifted in the sub-scanning direc- 
tion Y (more specifically, in the negative Y direction) by 
an amount responsive to the Inclination angle Be. The 
smallest unit of the shift amount is one pixel unit P. This 
shift responsive to the inclination angle Gc is performed 
in a direction opposite to the direction of the relative 
movement (positive Y direction) between the recording 
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head 20 and the recording drum 1 0. 

[0090] In more detail, the barrel shifter 49A assigns a 

null value to the pixel unit P1, the gradient value for the 

pixel D1 to the pixel units P2 to P4, and the gradient 

value for the pixel D2 to the pixel units P5 to P7. In a s 

similar fashion, the gradient values for the pixels D3 to 

D8 are assigned to the pixel units P8 to P25. Further, a 

null value is assigned to the pixel unit P26. 

[0091] The same as just described is also performed 

on subsequent 8 pixels D (on the fourth line from the io 

top). 

[0092] Next, gradient values for subsequent 8 pixels 
D (on the fifth line from the top) are converted by the 
resolution converter 48A into gradient values for 24 pixel 
units P and then outputted after being shifted to the left is 
from the reference condition by an amount correspond- 
ing to two pixel units P. The barrel shifter 49A outputs a 
total of 26 pixel units P including 24 pixel units P corre- 
sponding to the gradient values for 8 pixels D and two 
null values added to the right end of the 24 pixel units 20 
P. The same is also performed on subsequent 8 pixels 
D (on the sixth line from the top). 
[0093] in more detail, the barrel shifter 49A assigns 
the gradient value for the pixel D1 to the pixel units P1 
to P3 and the gradient value for the pixel D2 to the pixel 2S 
units P4 to P6. In a similar fashion, the gradient values 
for the pixels D3 to D8 are assigned to the pixel units 
P7 to P24. Further, null values are assigned to the pixel 
units P25 and P26. 

[0094] Next, subsequent 8 pixels D (on the seventh 30 
line from the top) are subjected to the same operation 
as performed on the first 8 pixels (on the first line). Here- 
inafter, the same operations as above described are re- 
peated in sequence until the imaging operation for the 
first scanning line Is completed. 35 
[0095] As has been described above, each block is 
further divided into sub-blocks on the basis of the reso- 
lution ratio between the input image M and the recording 
head 20 and the amount of shift responsive to the incli- 
nation angle ec Is determined for each sub-block in units 40 
of the width of one pixel unit P. After that, image data 
read out in units of the width of one pixel unit P is shifted 
by the determined shift amount (preset shift amount). In 
this way, the output for the first scanning line is done. 
[0096] Next, an imaging operation for a second scan- 4S 
ning line is performed. As shown in the row of "Output 
No. 2" in Fig. 10B, image data is written Into a "Write 3" 
area across the buffer memories BM1 and BM3, and im- 
age data in the buffer memory BM2 is read out. This 
corresponds to the states shown In Figs. 8C and 9C. so 
That is, a write operation to the diagonally shaded area 
in Fig. 8C and a read operation from the diagonally 
shaded area In Fig. 9C are simultaneously performed. 
[0097] Then, the second correction operation is per- 
formed on the readout image data, the result of which ss 
is outputted on the imaging plate 11 by means of the 
recording head 20. 

[0098] The recording head 20 has an Image area 
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greater in width than one scanning line In the sub-scan- 
ning direction Y; therefore, imaging is performed such 
that the scanning lines slightly overiap one another. 
More specifically, image areas each having a total of 26 
pixel units P arranged in the sub-scanning direction Y 
overiap at portions corresponding to the widths of two 
pixel units P. In imaging for the second scanning line, 
the two pixel units PI and P2 at the left end of the second 
scanning line overiap with the two pixel units P25 and 
P26 at the right end of the first scanning line. This min- 
imizes detection of a gap between each scanning line. 
Since the amount of overiap is smaller than the width of 
one pixel D in the input image M (in this case, the sum 
of the widths of two pixel units P), the required storage 
capacity can be minimized with a minimum amount of 
overiap. 

[0099] Further, through the same first and second cor- 
rection operations as above described, image data for 
the second scanning line is shifted in the same direction 
by the same amount as that for the first scanning line. 
Thus, blank areas (P) on the right side of the first scan- 
ning line is imaged (exposed to light) in accordance with 
actual data that has been shifted to the left end of the 
second scanning line. This allows continuous Imaging 
in the sub-scanning direction Y without multiple expo- 
sure. In this way, the imaging operation for the second 
scanning line is completed. 

[01 00] Next, an imaging operation for a third scanning 
line is performed. As shown in the row of "Output No. 3" 
in Fig. 10B, image data is written into the "Write 1 " area 
across the buffer memories BM1 and BM2, and image 
data in the buffer memory BM3 is read out. This corre- 
sponds to the states shown In Figs. 8A and 9A. That is, 
a write operation to the diagonally shaded area in Fig. 
8A and a read operation from the diagonally shaded ar- 
ea in Fig. 9B are simultaneously performed. As shown 
in Figs. 8A to 80 and 9A to 90, write and read areas in 
the buffer memories BM1 . BM2. and BM3 can be com- 
plementarily and circularly switched without overiap, 
which minimizes memory capacity. 
[0101] Then, the aforementioned second correction 
operation is performed on the readout image data, the 
result of which is outputted on the imaging plate 11 by 
means of the recording head 20. 
[0102] Hereinafter, a repetition of like operations 
achieves continuous output for the scanning lines. 
[0103] In the case of the last scanning line, one half 
of image data Is actual data relating to the last scanning 
line and the other half is null data. Such image data is 
read out from the buffer memory BM and is outputted 
after the second correction operation. 
[0104] In this fashion, the image recorder 1A of this 
preferred embodiment performs the first correction op- 
eration at the resolution of the input image M and per- 
forms the second correction operation at the more pre- 
cise resolution of the recording head 20. This achieves 
smooth distortion correction. Besides, memory access- 
es are made in pixels D, which minimizes an increase 



9 



17 



EP1 211 882 A2 



18 



In the capacity of the buffer memory BM. 
[0105] In the image recorder 1A, the image area of 
the recording head 20 is greater In width than one scan- 
ning line in the sub-scanning direction Y. This enables 
overlapping imaging and thereby minimizes detection of s 
a gap between each scanning line. 
[0106] Further in the image recorder 1 A, the width of 
the image area of the recording head 20 in the sub-scan- 
ning direction Y is equal to a sum of the width of one 
scanning line and a width smaller than the width of one io 
pixel in the input image M. Resultant overlapping imag- 
ing minimizes detection of a gap between each scan- 
ning line and reduces the required storage capacity with 
a minimum amount of overlap. 

[01 07] A gap between each scanning line can further is 
be minimized by making the amount of overlap equal to 
or greater than the width of one pixel D in the input image 
M. This can be achieved with ease by increasing the 
number of bits in the converter 47A in the configuration 
of Figs. 6 and 7 and varying the size of blocks and the 20 
amount of shift in the sub-scanning direction Y In the 
first correction operation. 

[0108] More specifically, in the first correction opera- 
tion, the write area is shifted in the negative Y direction 
by two pixels for every 12 pixels fonvard in the main 25 
scanning direction X, instead of the case of Fig. 14A, 
thereby achieving the write angle Giv. That is, the 
number of pixels Nc arranged in the main scanning di- 
rection X in each block is doubled (i.e., 12 pixels) and 
the amount of shift of the write area is set to be two pixels 30 
D. Then, after each block with 12 pixels D arranged in 
the main scanning direction X is further divided into 6 
sub-blocks, the second correction operation is per- 
formed as follows. The top sub-block (including the first 
and second pixel lines from the top) is outputted as-is 35 
without being shifted, and the second sub-block (includ- 
ing the third and fourth pixel lines from the top) is out- 
putted after being shifted by one pixel unit P in the neg- 
ative Y direction. Similarly, the third sub-block (including 
the fifth and sixth pixel lines from the top) is outputted 4o 
after being shifted by two pixel units P in the negative Y 
direction; the fourth sub-block (including the seventh 
and eighth pixel lines from the top) is outputted after be- 
ing shifted by three pixel units P in the negative Y direc- 
tion; the fifth sub-block (Including the ninth and tenth pix- 45 
el lines from the top) is outputted after being shifted by 
four pixel units P in the negative Y direction; and the 
sixth sub-block (Including the eleventh and twelfth pixel 
lines from the top) is outputted after being shifted by five 
pixel units P in the negative Y direction. At this time, a 50 
total of 29 pixel units P are outputted with null values 
assigned to those pixel units P located where no pixels 
D have been shifted. In this way, the second correction 
operation is performed on the first block. The same Is 
performed on the second through fourth blocks, thereby S5 
achieving smooth distortion correction as illustrated In 
Fig. 14B. 

[01 09] In this case, since the sixth sub-block is shifted 



by five pixel units P in the negative Y direction, the 
amount of overlap becomes greater than the width of 
one pixel D (= 3 pixel units P) in the Input image M; more 
specifically, the amount of overlap becomes 5 pixel units 
P. Such overiapping imaging can further minimize de- 
tection of a gap between each scanning line. 

<B. Second Preferred Embodiment> 

<B1. Configuration> 

[0110] Next, the image recorder IB according to a 
second preferred embodiment will be set forth. The im- 
age recorder 1 B of the second preferred embodiment is 
identical in configuration to the Image recorder 1 A of the 
first preferred embodiment; therefore, we will concen- 
trate on the differences therebetween in the following 
description. 

[0111] In the second preferred embodiment, the re- 
cording head 20 has an image area of the same width 
as one scanning line in the sub-scanning direction Y. 
Thus, imaging is repeatedly performed without overiap- 
ping of the scanning lines. More specifically, the image 
area of the recording head 20 has the same width as 
one scanning line in the sub-scanning direction Y, i.e., 
the width equal to the sum of the widths of 24 pixel units 
P. 

[01 1 2] Fig. 1 5 is a schematic block diagram of the im- 
age signal processor 44 (44B) according to the second 
preferred embodiment. As shown in Fig. 15, the image 
signal processor 44B comprises a buffer memory BM 
having a storage area corresponding to four scanning 
lines. In the present example, the buffer memory BM Is 
expressed as four separate buffer memories BM1 , BM2, 
BM3, and BM4 for conveniences' sake. One scanning 
line has a width of Na pixels (in this case, 8 pixels) In 
the input image M in accordance with the width of imag- 
ing by the spatial light modulator 24. The buffer memo- 
ries BM1 , BM2, BM3, and BM4 each have a storage ar- 
ea corresponding to one scanning line. The buffer mem- 
ory BM as a whole, therefore, substantially has a stor- 
age area corresponding to four main scans. 
[01 1 3] In this second preferred embodiment, the pro- 
vision of the four buffer memories BM1 to BM4 allows 
"continued" repetition of imaging for the scanning lines 
without overiapping of the scanning lines and with a 
maximum use of the width of the image area of the re- 
cording head 20. 

[01 14] The image signal processor 448 further com- 
prises a memory access controller 45B for controlling 
access to the four buffer memories BM1 to BM4, a read 
data selector 46B for switching among the buffer mem- 
ories BM1 to BM4 in read-out, and a converter 47B for 
converting pixels D in the input image M, which are read 
out from the buffer memories BM1 to BM4, into pixel 
units P in the output image ME. 
[0115] Fig. 16 is a detailed diagram of the converter 
47B. As shown in Fig. 16, the converter 47B comprises 
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a resolution converter 48B and a barrel shifter 49B. The 
resolution converter 48B converts pixels D read out from 
the buffer memories BM1 , BM2, BM3, and BM4 Into pix- 
els units P to suit the resolution of the output Image ME, 
and then outputs the result of conversion to the barrel 
shifter 49B. The barrel shifter 49B performs a shift op- 
eration, which will be described later, to shift and output 
the position of each input signal. In the second preferred 
embodiment, Imaging is perfomied with no overlap; 
therefore, the barrel shifter 498 determines gradient val- 
ues for the 24 pixel units P by also using gradient values 
for pixels D of a pre-read next scanning line. The details 
of the operation will be described below. 

<B2. Operation> 

[01 16] Referring now to the explanatory diagrams of 
Figs. 17A and 17B, the operation of the image recorder 
1B according to the second preferred embodiment will 
be set forth. 

[0117] Initially, as "Preprocessing 1" shown in Fig. 
17B, the buffer memories BM1, BM2, BM3, and BM4 
are all cleared. 

[01 18] Then, as "Preprocessing 2", a write operation 
to a first area across the buffer memories BM1 and BM2 
is performed. This first area, indicated by "Write 1 " in 
Fig. 17A, includes a lower right triangular area in the 
buffer memory BM1 and an upper left triangular area in 
the buffer memory BM2. in this "Write 1 " area, a prede- 
termined rectangular portion of the input Image M Is writ- 
ten at a write angle Qw (= Gc). This write operation is 
identical to that described in the first preferred embodi- 
ment. 

[0119] Then, as shown in the row off "Preprocessing 
3" In Fig. 17B, next image data is written into a "Write 
2" area across the buffer memories BM2 and BM3. At 
this point in time, image data in the buffer memory BM1 
is not yet read out. 

[01 20] Then, as shown in the row of "Output No. 1 " in 
Fig. 1 7B, next image data is written into a "Write 3" area 
across the buffer memories BM3 and BM4 and image 
data in the buffer memories BM1 and BM2 are read out. 
[0121] The read operations from the buffer memories 
BM1 and BM2 are performed through the read data se- 
lector 46B (Fig. 15). The read data selector 46B selects 
the buffer memories BM1 and BM2 out of the four buffer 
memories BM1 to BM4 and reads out image data written 
in the buffer memories BM1 and BM2. The operation of 
the read data selector 46B is performed In synchroniza- 
tion with a selection signal S11 given from the memory 
access controller 45B under the control of the controller 
45B. The image data read out at this time includes, as 
shown Fig. 1 7A, null data in the upper left triangular area 
"Write 4" in the buffer memory BM1, data In the lower 
right triangular area "Write 1 " in the buffer memory BM1 , 
data in the upper left triangular area "Write 1 " in the buff- 
er memory BIVI2, and data in the lower right triangular 
area "Write 2" in the buffer memory BM2. 
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[0122] Next, the second correction operation is per- 
formed on the readout image data. This Is performed by 
the converter 47B (cf. Figs. 15 and 16). Initially, as 
shown in Fig. 16. the resolution converter 48B in the 

5 converter 478 allocates 24 pixel units Q (Q1 to Q24) to 
8 pixels D in the buffer memory BM1 and another 24 
pixel units Q (Q25 to Q48) to 8 pixels D in the buffer 
memory 8M2. More specifically, each of the 8 pixels D1 
to D8 in the buffer memory BM1 is allocated three pixel 

10 units Q to detemiine gradient values for 24 pixel units 
Q1 to Q24, and each of the 8 pixels D1 to D8 In the buffer 
memory BM2 are allocated three pixel units Q to deter- 
mine gradient values for another 24 pixel units Q25 to 
Q48. 

IS [0123] In the present example, the gradient values for 
a total of 48 pixel units Q are determined; however, it is 
not always necessary to determine the gradient values 
for all the pixel units Q. In fact, it is sufficient to deter- 
mine. In addition to the gradient values for the 24 pixel 

20 units Q1 to Q24 corresponding to 8 pixels D1 to D8 in 
the buffer memory BM 1 , the gradient values for only the 
left-side two pixels Q25 and Q26 out of three pixel units 
Q corresponding to a first pixel D1 In the buffer memory 
BM2. 

25 [0124] The barrel shifter 49B in Fig. 16 then shifts 
those 26 pixel units Q1 to Q26, with predetermined tim- 
ing, by an amount responsive to their position with re- 
spect to the main scanning direction X. Thereby, 24 pixel 
units P are outputted from among the 26 pixel units Q1 

30 to Q26. The predetermined timing of the shift is deter- 
mined as described in the first preferred embodiment 
and the shift operations are performed by changing the 
amount of shift at every two read-out clocks. Fig. 18 il- 
lustrates the result obtained by the shift operations. 

35 [0125] Now, 24 pixel units P1 to P24 corresponding 
to 8 pixels D read out at a first point in time (on the top 
line) is outputted as a scanning line output signal SI 2 
(Fig. 16). More specifically, the barrel shifter 498 in Fig. 
16 assigns a gradient value for the pixel D1 to the pixel 

40 units PI to P3, a gradient value for the pixel D2 to the 
pixel units P4 to P6. In a similar fashion, gradient values 
for the pixels D3 to D8 are assigned to the pixel units 
P7 to P24. As a result, the scanning line output signal 
S12 consisting of the pixel units PI to P24 is outputted. 

45 The spatial light modulator drive circuit 25 (Fig. 2) drives 
the spatial light modulator 24 in accordance with the 
scanning line output signal S12, whereby the pixel units 
PI to P24 are outputted onto the imaging plate 11. This 
condition Is referred to as a reference condition in the 

50 shift operations. 

[0126] The same as just described is also performed 
on 8 pixels D read out at a next point in time (on the 
second line from the top). 

[0127] Next, gradient values for subsequent 8 pixels 
55 D (on the third line from the top) are converted by the 
resolution converter 48B (Fig. 16) into gradient values 
for 24 pixel units Q and then outputted after being shifted 
to the left from the reference condition by an amount 
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corresponding to one pixel unit P. The barrel shifter 49B 
outputs the 23 pixel units Q2 to Q24 except the leftmost 
pixel unit Q1 and the pixel unit Q25 corresponding to the 
pixel D1 of the next scanning line, as 24 pixel units P1 
to P24, respectively. 

[0128] More specifically, the barrel shifter 49B in Fig. 
1 6 assigns the gradient value for the pixel D1 to the pixel 
units PI and P2. the gradient value for the pixel D2 to 
the pixel units P3 to P5, and the gradient value for the 
pixel D3 to the pixel units P6 to P8. In a similar fashion, 
the gradient values for a total of five pixels D4 to D8 are 
assigned to a total of 15 pixel units P9 to P23. Further, 
the gradient value for the pixel D1 of the next scanning 
line read out from the buffer memory BM2 is assigned 
to the pixel unit P24. 

[0129] The same as just described is also performed 
on subsequent 8 pixels D (on the fourth line from the 
top). 

[0130] Next, gradient values for subsequent 8 pixels 
D (on the fifth line from the top) are converted by the 
resolution converter 48B into gradient values of 24 pixel 
units Q and then outputted after being shifted to the left 
from the reference condition by an amount correspond- 
ing to two pixel units P. The barrel shifter 49B outputs 
22 pixel units, of the 24 pixel units Q corresponding to 
the gradient values for 8 pixels D, except the left-side 
two pixel units Q1 and Q2 and two pixel units Q25 and 
Q26 corresponding to a first pixel D1 of the next scan- 
ning line, as a total of 24 pixel units P1 to P24. respec- 
tively. 

[0131] That is, the barrel shifter 49B in Fig. 16 assigns 
the gradient value for the pixel D1 to the pixel unit PI, 
the gradient value for the pixel D2 to the pixel units P2 
to P4, and the gradient value for the pixel D3 to the pixel 
units P5 to P7. In a similar fashion, the gradient values 
for a total of five pixels D4 to D8 are assigned to a total 
of 15 pixel units P8 to P22. Further, the gradient value 
for the pixel D1 of the next scanning line read out from 
the buffer memory BM2 is assigned to the pixel units 
P23 and P24. 

[0132] The same as just described is also performed 
on subsequent 8 pixels D (on the sixth line from the top). 
[01 33] Further, subsequent 8 pixels D (on the seventh 
line from the top) are subjected to the same operation 
as performed on the first 8 pixels (on the first line). Here- 
inafter, the same operations as above described are re- 
peated in sequence until the imaging operation for the 
first scanning line is completed. 
[0134] The recording head 20 has an image area of 
the same width as the width of one scanning line in the 
sub-scanning direction Y; therefore, imaging Is per- 
formed without overiapping of the scanning lines. In de- 
termining the gradient values for the pixel units P, not 
only image data in the "Write 1 " area but also image data 
in the "Write 2" area in the buffer memory BM2, in which 
redundant data has previously written, are read out to 
make up for the shortage of the pixel D caused by shift- 
ing in the second correction operation. This enables 



continuous imaging. 

[01 35] Next, an imaging operation for a second scan- 
ning line is performed. As shown in the row of "Output 
No. 2" in Fig. 1 7B, next Image data is written into a "Write 

5 4" area across the buffer memories Bl\/I4 and BM1 and 
image data in the buffer memories BM2 and BM3 are 
read out. Then, the second correction operation is per- 
fonned on the readout image data, the result of which 
is outputted on the imaging plate 11 by means of the 

10 recording head 20. 

[01 36] Further, an imaging operation for a third scan- 
ning line is performed. As shown in the row of "Output 
No. 3" in Fig. 17B, next image data is written into the 
"Write 1 " area across the buffer memories BM1 and BM2 

15 and Image data in the buffer memories BM3 and BM4 
are read out. Then, the second correction operation Is 
performed on the readout image data, the result of which 
is outputted on the imaging plate 11 by means of the 
recording head 20. 

20 [0137] Furthermore, an imaging operation for a fourth 
scanning line Is performed. As shown in the row of "Out- 
put No. 4" in Fig. 1 7B, next image data is written into the 
"Write 2" area across the buffer memories BM2 and BM3 
and image data In the buffer memories BM4 and BM1 

25 are read out. Then, the second correction operation is 
performed on the readout image data, the result of which 
is outputted on the imaging plate 11 by means of the 
recording head 20. 

[0138] Hereinafter a repetition of like operations 
30 achieves continuous output for the scanning lines. 

[0139] In the case of the last scanning line, one half 
of image data is actual data relating to the last scanning 
line and the other half is null data. Such image data is 
read out from the buffer memory BM and outputted after 
35 the second correction operation. 

<C. Modifications> 

[0140] In the aforementioned preferred embodl- 
40 ments, the "blocks" are of the same size Nc (Nc = 6), I. 
e., the number of pixels Nb can be divided by the number 
of pixels Na. However, the present invention is also ap- 
plicable to the case where the number of pixels Nb can- 
not be divided by the number of pixels Na. In such a 
45 case, the number of pixels arranged in the main scan- 
ning direction X In each block should be Increased or 
reduced as appropriate. For example where Na = 8 and 
Nb = 50, the image area should be divided into blocks 
having 7 pixels, 6 pixels, 6 pixels, 6 pixels, 7 pixels, 6 
so pixels, 6 pixels and 6 pixels, respectively, in this order 
in the main scanning direction X. Such block size control 
can be performed by the memory access controller 45A 
(45B). 

[0141] Further, the "sub-blocks" In the above pre- 
55 ferred embodiments are of the same size Ne (Ne = 2), 
but the present invention Is not limited thereto. For ex- 
ample when the size of one block corresponds to 7 pix- 
els, the block may be divided into three sub-blocks hav- 
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ing three pixels, two pixels, and two pixels, respectively. 
Such block size control can be performed by the mem- 
ory access controller 45A (45B). 
[0142] While the invention has been shown and de- 
scribed in detail, the foregoing description is in all as- 5 
pacts illustrative and not restrictive. It is therefore un- 
derstood that numerous modifications and variations 
can be devised without departing from the scope of the 
invention. 



Claims 

1. An image recorder for recording an input image on 
an image recording medium along scanning lines '5 
inclined with respect to a main scanning direction, 
by using a continuous scanning system for perform- 
ing a continuous scan in both said main scanning 
direction and a sub-scanning direction, 

sard image recorder comprising: 20 

a recording head for outputting each pixel in 
said input image as a set of pixel units smaller 
than said pixel, said recording head having a 
higher resolution than said input image in said 25 
sub-scanning direction; 

a scanning section for performing a scan by 
continuously moving said recording head rela- 
tive to said image recording medium in both 
said main scanning direction and said sub- 30 
scanning direction; 

a memory for storing image data of said input 
image; 

an access controller for, for access to said 
memory, setting an angle difference between a 35 
write angle and a read angle to be equal to an 
inclination angle of said scanning lines with re- 
spect to said main scanning direction, said write 
angle being an angle at which said Image data 
is written into an address space in said memory, 40 
said read angle being an angle at which said 
image data is read out from said address space 
in said memory; and 

a shift controller for outputting image data read 
out from said address space in a position that 45 
is shifted in said sub-scanning direction by a 
shift amount responsive to said inclination an- 
gle, the smallest unit of said shift amount being 
said pixel unit. 

50 

2. The image recorder according to claim 1 , wherein 
said continuous scanning system is a spiral 
scanning system for performing a scan while con- 
tinuously moving said recording head in said sub- 
scanning direction orthogonal to said main scan- 55 
ning direction relative to an image recording medi- 
um which is located on a rotator rotating in said main 
scanning direction, thereby to record an image 



along said scanning lines inclined with respect to 
said main scanning direction. 

3. The image recorder according to claim 2, further 
comprising: 

a block divider for dividing said memory into 
blocks along said main scanning direction, on 
the basis of a ratio of the size of an image area 
of said recording head in said sub-scanning di- 
rection to that in said main scanning direction; 
a sub-block divider for further dividing each of 
said blocks Into sub-blocks on the basis of a 
resolution ratio between said input Image and 
said recording head; and 
a shift amount setting section for setting said 
shift amount responsive to said inclination an- 
gle for each of said sub-blocks. 

4. The image recorder according to claim 3, further 
comprising: 

a size controller for controlling the sizes of said 
sub-blocks. 

5. The image recorder according to claim 2, wherein 

an image area of said recording head is great- 
er In width than said scanning lines in said sub- 
scanning direction. 

6- The image recorder according to claim 6, wherein 
said image area of said recording head has a 
width that Is obtained by adding the width of said 
scanning lines and a width smaller than the width 
of one pixel in said input images 

7, The image recorder according to claim 5, wherein 
said memory substantially has a storage area 
corresponding to three main scans. 

8- The image recorder according to claim 2, wherein 
an image area of said recording head has the 
same width as said scanning lines in said sub-scan- 
ning direction. 

9. The image recorder according to claim 8, wherein 
said recording head has a resolution of an in- 
tegral multiple of the resolution of said input image 
in said sub-scanning direction. 

10- The image recorder according to claim 8, wherein 
said memory substantially has a storage area 
corresponding to four main scans. 

11. The image recorder according to claim 2, wherein 
said recording head uses a spatial light mod- 
ulator for recording an image on said image record- 
ing medium. 
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12- The image recorder according to claim 11, wherein 
said spatial light modulator is a diffraction 
grating light valve. 

13. The image recorder according to claim 2, wherein s 

a resolution ratio between said input Image 
and said recording head is variable. 

14. An image recording method for recording an input 
image on an image recording medium along scan- io 
ning lines inclined with respect to a main scanning 
direction, by using a continuous scanning system 

for performing a continuous scan in both said main 
scanning direction and a sub-scanning direction, 

said method comprising the steps of: is 



(a) setting an angle difference between a write 
angle and a read angle to be equal to an Incli- 
nation angle of said scanning lines with respect 

to said main scanning direction for making ac- 20 
cess to a memory for storing image data of said 
input image, said write angle being an angle at 
which said image data is written into an address 
space in said memory, said read angle being 
an angle at which said image data is read out 25 
from said address space in said memory; and 

(b) performing a scan while continuously mov- 
ing a recording head relative to said image re- 
cording medium in both said main scanning di- 
rection and said sub-scanning direction for out- 30 
putting each pixel in said input image as a set 

of pixel units smaller than said pixel, said re- 
cording medium having a higher resolution than 
said input image in said sub-scanning direction, 

35 

wherein in said step (b), image data read out 
from said address space in said step (a) is outputted 
in a position that is shifted in said sub-scanning di- 
rection by a shift amount responsive to said inclina- 
tion angle, the smallest unit of said shift amount be- 40 
ing said pixel unit. 



45 



50 



55 



14 



EP 1 211 882 A2 




15 



EP1 211 882 A2 




16 



EP1 211 882 A2 




17 



EP1 211 882 A2 




18 



EP1 211 882 A2 




19 



EP1 211 882 A2 



to 

LU _ 

z < 

— z 

-J O 
O CO 

z 

— H- 
2 3 
Z Q_ 
< 1- 
O 3 
CO o 



o 

H- 

z^ 

8^ 
_i 

H < 
U- Z 
-O 
X — 
CO CO 



CD 



< 



LU 
H 
CE 
LU 



O 
O 



J 



z 



z < 

< I- 

o < 

CO Q 



< 
I- 
< 




O 
H 
O 
LU 
-J 
LU 
CO 



< 
Q 

Q 
< 
LU 
QC 



O (O 

h- -J 
o < 

LU Z 
_) CD 
Uj — 
CO CO 



QC 


>- 


LU 


QC 


U- 


O 


LL 




Z) 


LU 


CD 


2 



CO 



CD 



CM 
CD 



7 



oc 


>- 


LU 


QC 


LL 


O 


UL 






LU 


m 


2 



CO 

CO 
CO 
LU 

cr 
Q 

Q 

< 



^ — ^ 



QC 


> 


LU 


QC 


LL 


O 


LL 




Z) 


111 


GO 


2 



CO 
CO 
UJ 

cn 
Q 

Q 

< 



CsJ 







CO 




CO 


CO 


ULI 




CC 




Q 




Q 




< 


5 



o 

QC 



O i 
O 

Z < ^ 

~ Q CO 

jl CO 



CO 

CO 
LU 

o 

O 
< 

QC 

o 

LU 



QC 
LU 



o 

QC 
I- 
Z 

o 
o 



LU 
CD 
< 

— _J 
l-< 
13 Z 
CLCD 

z — o 

_ CO CO 



< 



o< 
q:z 

z — 
O W 

o 

CO 
CO 
LU 

o 
o 
< 



CM 
CO 



20 



EP1211 882 A2 



-J 
< 

CD 



o 
a: 



< 



CVJ 

(0 



o 

3 
CL 

3 

LU 



CO 



< 
o 

</3 




< 
Q 



< 
Q 

LJJ 



CD 



< 
O 



21 



EP 1 211 882 A2 



FIG. 8 A 

BMl BM2 BM3 




FIG. 8B 

BMl BM2 BM3 
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FIG. 12 
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FIG. 18 
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